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13.  Abstract 


The  objective  is  to  understand  the  theory  of  acoustic  scattering  from  rough  surfaces, 
with  applications  to  ocean  surfaces. 

It  is  necessary  to  develop  multiple  scattering  models  that  are  able  to  treat  larger  values 
of  roughness,  as  well  as  to  incorporate  as  much  information  as  possible  into  a  statistical 
description  of  the  surface.  The  mathematical  methods  we  have  developed  are  generic  in 
the  sense  that  they  can  also  be  applied  to  any  rough  surface.  Enhanced  backscattering 
can  result  when  the  surfaces  are  veiy  rough. 

We  have  found  additional  new  results  for  the  coherent  (specular)  intensity  and  the 
backscatter  enhancement  effect  for  the  direct  scattering  problem.  In  addition,  we  have 
reconstructed  surface  profiles  from  scattered  field  data  using  two  different  approaches. 
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OBJECTIVE 

Understanding  the  theory  of  acoustic  scattering  from  rough  surfaces,  with  applica¬ 
tions  to  ocean  surfaces. 


BACKGROUND 


The  modelling  of  direct  scattering  from  rough  surfaces  has  gone  beyond  simple  mod¬ 
els  such  as  perturbation  theory  and  the  Kirchhoff  approximation.  Multiple  scattering 
can  lead  to  significant  scattering  effects,  particularly  if  the  surface  is  very  rough.  As  an 
example,  we  point  to  the  enhancement  in  the  backseat tering  direction.  For  the  inversion 
problem,  however,  no  one  has  previously  worked  out  the  scattering  in  the  perturbation 
and  Kirchhoff  domains. 


APPROACH 

1.  Continued  theoretical  development  of  the  spectral  coordinate  (SC)  method. 

2.  Computational  solutions  using  the  coordinate  coordinate  (CC)  equation  for  the 
direct  scattering  problem. 

3.  Solution  of  surface  inversion  problems  using  the  SC  method  in  the  perturbation 
and  Kirchhoff  domains. 

4.  Further  development  of  approximation  methods. 

RESULTS 


1.  For  angles  away  from  grazing,  the  coherent  specular  intensity  is  predominantly 
single  scattering  even  when  multiple  scattering  is  occurring. 

2.  Beyond  a  certain  roughness,  the  predominant  field  in  the  specular  direction  is 
incoherent  rather  than  coherent. 
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3.  Surface  inversion  is  possible  using  the  SC  method  in  the  perturbation  theory  domain 
with  an  FFT  algorithm. 

4.  Surface  inversion  is  possible  using  the  SC  method  in  the  KirchhoflF  domain  using  a 
restricted  data  window  and  an  FFT  algorithm. 

DISCUSSION  OF  RESULTS 

Research  was  undertaken  along  both  theoretical  and  computational  directions.  In 
the  theoretical  area  the  spectral  coordinate  (SC;  method  was  further  developed.  This 
was  first  published  by  me  in  1985.  It  is  a  mixed-representation  solution  for  the  rough 
surface  scattering  problem,  spectral  for  the  scattering  amplitude  that  is  directly  related 
to  the  coordinate  dependent  boundary  values.  The  overall  objective  was  to  insure  that 
the  theoretical  development  was  valid  for  surfaces  with  very  large  heights  and  slopes 
where  backscatter  enhancement  can  occur.  The  relation  of  the  SC  method  to  both 
coordinate-coordinate  (CC)  and  spectral-spectral  (SS)  was  also  derived,  thus  yielding  a 
unified  theoretical  development. 

Computationally  both  the  coordinate  model  for  scattering  as  well  as  the  SC  method 
were  used.  The  direct  scattering  was  done  with  the  coordinate  method,  the  inverse 
scattering  and  surface  reconstruction  with  the  SC  method.  For  the  direct  scattering 
statistical  calculations  yielded  two  results.  The  first  is  that  the  coherent  scattering  is 
predominantly  single  scattering  even  for  large  roughness.  The  second  is  that  for  large 
enough  roughness  the  incoherent  field  in  the  specular  direction  is  larger  than  the  coherent 
field.  Two  methods  were  used  with  the  SC  to  find  surfaces  from  the  scattered  field  data. 
The  first  used  perturbation  theory  and  resulted  in  an  FFT  algorithm.  The  second  used 
the  Kirchhoff  approximation  and  a  limited  aperture  of  the  data  to  again  find  an  FFT 
algorithm. 

Examples  of  the  coherent  return  and  surface  inversion  are  attached. 
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Ensemble  averaged  coherent  intensity  (solid  curve)  versus  single  scattering 
herent  intensity  (dashed  curve)  for  30°  incidence. 


The  reconstruction  r(x)  (full  curve)  of  a  surface  profile  s(;c)  (broken  line)  i 
perturbation  theory  using  an  FFT  algorithm. 
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The  reconstruction  r^{x)  (full  curve)  of  a  surface  profile  s(z)  (broken  line)  in 
Kirchhoff  approximation  using  angle  restricted  data  and  an  FFT  algorithm. 


